Cadherin-17, also called liver-intestine cadherin, is a calcium-dependent transmembrane glycoprotein that mediates cell-cell adhesion in intestinal epithelium. Expression of cadherin-17 was reported in gastric, pancreatic, and colorectal adenocarcinomas but not in other tumors. Whether cadherin-17 can be used as a marker for diagnosis of cancers is still unclear. In this study, we used immunohistochemical methods to stain cadherin-17 in tissue arrays containing most normal tissues and 518 carcinomas from many anatomic sites. Among normal tissues, the expression of cadherin-17 was limited to epithelial cells of small intestine and colon. Colorectal adenocarcinomas showed staining in 96% of cases and most of them had strong and diffuse staining. Gastric, pancreatic, and biliary adenocarcinomas showed diffuse or scattered staining in about 25-50% of cases. Fewer than 1% of carcinomas outside the digestive system were positive for cadherin-17. When a two-marker, Cadherin-17/cytokeratin 7, profile was used, 37 of 38 (97%) cadherin-17( þ )/cytokeratin 7(À) tumors were colorectal adenocarcinomas; 49 of 56 (86%) cadherin-17( þ )/cytokeratin 7( þ ) tumors were gastric, pancreatic, or biliary adenocarcinomas. Our results show that cadherin-17 is a useful immunohistochemical marker for diagnosis of adenocarcinomas of the digestive system.
1
The age-adjusted annual incidence per 100 000 population is 7-12 cases in the United States, 18 in Australia, and 6 in the Netherlands. It is the fourth commonest cause of cancer death in both men and women. 2 Because the optimal treatment of cancer is linked to the primary tumor site, failure to identify the primary site causes considerable problems during management of patients. Adenocarcinomas account for almost half of cancers of unknown primary site. The use of immunohistochemistry to detect specific antigens in tumor cells has led to significant improvement in the diagnosis of cancers. For example, prostatespecific antigen is used as a marker of prostatic cancer. 3 Thyroid transcription factor is a marker of pulmonary cancer. 4 However, a good marker for gastrointestinal (GI) tumors is still lacking.
Cadherin-17, also called liver-intestinal cadherin or human peptide transporter-1, is a member of the cadherin superfamily and is a Ca 2 þ -dependent cell-cell adhesion molecule. 5, 6 Unlike the so-called classic cadherins, such as E-, N-, and P-cadherins, cadherin-17 has seven cadherin repeats instead of five within the extracellular domain and only 20 amino-acid residues in the cytoplasmic domain. The markedly short cytoplasmic domain lacks homology with other cadherins and the adhesive function of cadherin-17 is not dependent on association with other cytoplasmic proteins. 7 The subcellular distribution of cadherin-17 is also different from classic cadherins. In intestinal epithelial cells, E-cadherin is concentrated in adherens junctions whereas cadherin-17 is evenly distributed along the lateral contact area. 8 The tissue distribution of cadherin-17 differs by species. In the rat, cadherin-17 is expressed in the liver and intestinal epithelial cells. In human and mouse, expression is limited to intestinal epithelial cells and is not found in the liver. 9 The limited distribution of cadherin-17 in normal tissues suggests that it may be a useful marker for identification of primary sites of tumors. It has been reported that cadherin-17 is expressed in colorectal, 10 gastric, 11, 12 and pancreatic cancers. 13 Whether it is expressed in tumors in other organs is unknown.
Accordingly, in this study, we examined the expression of cadherin-17 in tumors derived from various body sites using tissue arrays. We found cadherin-17 was diffusely and strongly expressed in colorectal adenocarcinomas, scattered expressed in adenocarcinomas of the stomach, the pancreas and the bile duct, and virtually not expressed in tumors of other body sites. Our study indicates cadherin-17 may be a useful marker for identification of primary sites of metastatic adenocarcinomas.
Materials and methods

Tissue Specimens
Formalin-fixed, paraffin-embedded tissue blocks from 518 previously characterized primary carcinomas and 60 nontumorous tissues were obtained from the archives of the Department of Pathology, National Taiwan University Hospital. The study was conducted according to the guidelines of our institutional review board. These tumor cases included 44 breast cancers, 39 carcinomas of the uterine cervix, 33 cholangiocarcinomas, 47 colorectal cancers, 57 hepatocellular carcinomas, 50 lung cancers, 47 renal cell carcinomas, 89 ovarian cancers, 28 pancreatic cancers, 39 prostatic cancers, and 45 gastric cancers. The spectrum of nontumorous tissue examined is listed in Table 1 .
Tissue Arrays
Targeted tissue areas were marked on H&E-stained sections. A 2 mm tissue core was removed for each case using a manual tissue array device (Beecher Instruments, Silver Spring, MD, USA) and inserted into a recipient paraffin block. The arrayed tissues were cut into 4-mm thick slices and placed on positively charged slides.
Western Blot Analysis
Western blots were carried out on the protein lysates of 11 representative normal and tumor tissues, including kidney, liver, colon, small intestine, stomach, spleen, thyroid, pancreas, placenta, and carcinomas from ovary and lung. Similar amounts of total protein from each lysate were separated by 8% Tris-glycine-SDS-polyacrylamide gels (Novex, San Diego, CA, USA), and then electroblotted to Millipore Immobilon-P Cadherin-17 and adenocarcinomas of digestive system M-C Su et al polyvinylidene difluoride membranes. The membranes were probed with anti-cadherin-17 mouse monoclonal antibody, clone 1H3 (IgG1), at a concentration of 1 mg/ml (Abnova, Taipei, Taiwan) followed by a peroxidase-conjugated goat antimouse immunoglobulin (1:2500). Western blots were developed using chemiluminescence (Pierce, Rockford, IL, USA).
Immunohistochemical Staining
Tissue sections were dewaxed and rehydrated. Antigen retrieval was done by incubating slides in 0.01 M citric acid buffer (pH 6.0) at 1001C for 10 min. After blocking with 3% H 2 O 2 and 5% fetal bovine serum, slides were allowed to react with a monoclonal antibody against cadherin-17 (clone 1H3, Cadherin-17 and adenocarcinomas of digestive system M-C Su et al Abnova), cytokeratin 7 (DakoCytomation, Glostrup, Denmark), cytokeratin 20 (DakoCytomation), or CDX-2 (Biogenix, San Ramon, CA, USA) at a dilution of 1:100 at 41C overnight. Slides were then incubated with polymer-HRP reagent (BioGenex). Peroxidase activity was visualized with diaminobenzidine tetrahydroxychloride solution (BioGenex). Sections were counterstained with hematoxylin. Dark brown membranous staining was defined as positive and no staining was defined as negative. For negative controls, we replaced the primary antibody with 5% fetal bovine serum. Staining was scored as follows: 0 (no detectable staining); 1 þ (o25% positive cells), 2 þ (25-49%); 3 þ (50-74%); and 4 þ (475%). In cells with positive staining, the staining was intense and uniform, so intensity was not factored into the scoring.
Results
We first determined the specificity of the anticadherin-17 antibody (clone 1H3) by western blot analysis. Cadherin-17 expression was detected exclusively in human lysates of small intestine and colon and not in lysates from other normal tissues and tumors (Figure 1 ). The antibody was specific to the cadherin-17 protein because a single band with apparent molecular weight of about 110 kDa was present in lysates of small intestine and colon. This band corresponded to the cadherin-17 protein.
There was no detectable cross reactivity with other proteins as revealed in the western blot analysis. Table 1 shows the distribution of cadherin-17 in normal tissues by immunohistochemistry on samples from tissue arrays. Strong diffuse membranous staining of cadherin-17 was seen in intestinal epithelium, including those samples taken from small intestine, appendix, and colorectal mucosa (Figures 2a and b) . Cadherin-17 was expressed in the surface epithelium of duodenum but not in Brunner's gland. Cadherin-17 was not expressed in normal gastric mucosa (Figure 2c ) but was seen in areas with intestinal metaplasia. No other tissue type had detectable cadherin-17 expression (Figures 2d-f) . Table 2 shows results of cadherin-17 immunohistochemical staining for 518 tumors from various body sites. Membranous staining of cadherin-17 was present in 45 (96%) of 47 colorectal cancers; 38 (81%) of the 47 showed diffuse staining (475%) (Figure 3a) . Cadherin-17 was also expressed in 25 (56%) of 45 gastric adenocarcinomas, 16 (57%) of 28 pancreatic adenocarcinomas, and 9 (27%) of 33 cholangiocarcinomas (Figures 3b-d) . Most of the gastric, pancreatic, and biliary adenocarcinomas (42 of 50, 84%) showed a focal or scattered staining pattern. Cadherin-17 was rarely expressed in tumors of other body sites (Figures 3e and f) . Of the 331 tumors examined, cadherin-17 was expressed in only 1 (0.3%), a prostatic adenocarcinoma. Cadherin-17 and adenocarcinomas of digestive system M-C Su et al
To compare with current standard markers for the identification of GI adenocarcinomas, the same arrays were stained with cytokeratin 7, cytokeratin 20, and CDX2. Similar to cadherin-17, CDX2 showed diffuse staining in colorectal carcinomas, and more scattered staining patterns in gastric, pancreatic, and biliary carcinomas. The sensitivity of cadherin-17 was slightly better than CDX2 (colorectal, 96 vs 92%; gastric, 56 vs 66%; pancreatic, 57 vs 11%; biliary, 27 vs 16%). CDX2 was expressed in 26% of mucinous ovarian carcinomas, a common differential diagnosis for colorectal adenocarcinoma. In Figure 3 Immunohistochemical staining of cadherin-17 in tumor tissue. Cadherin 17 was expressed in colorectal adenocarcinoma (a), gastric adenocarcinoma (b), pancreatic ductal adenocarcinoma (c), and cholangiocarcinoma (d), but not in pulmonary (e) or prostatic adenocarcinoma (f).
Cadherin-17 and adenocarcinomas of digestive system M-C Su et al contrast, none of the 34 mucinous ovarian carcinomas expressed cadherin-17. These results suggest cadherin-17 is a comparable, if not better marker, than CDX2. As in previous reports, 14 we found that cytokeratin 7 is frequently expressed in adenocarcinomas from most organs but not expressed in colorectal cancers. We reasoned that a cadherin-17/ cytokeratin 7 two-marker profile may further differentiate colorectal cancers from those arising from upper GI organs. Immunostaining of cytokeratin 7 in our tissue array showed that 37 of 47 (79%) of colorectal adenocarcinomas were cadherin-17( þ )/ cytokeratin 7(À) ( Table 3a ; Figures 4a and b) . Another 6 (13%) colorectal adenocarcinomas were cadherin-17( þ )/cytokeratin 7( þ ). In total, 24 of 45 (53%) gastric adenocarcinomas, 16 of 28 (51.7%) Cadherin-17 and adenocarcinomas of digestive system M-C Su et al pancreatic adenocarcinomas, and 9 (27%) of 33 cholangiocarcinomas were cadherin-17( þ )/ cytokeratin 7( þ ) (Figures 4c-f) . One gastric adenocarcinoma was cadherin-17( þ )/cytokeratin 7(À) (Table 3b-d). The staining of cytokeratin 20 in tumors was heterogeneous and did not give information additional to that obtained from the other three markers.
Discussion
Adenocarcinoma of an unknown primary site is one of the most common clinical problems. The seven commonest primary sites are breast, colon, lung, ovary, pancreas, prostate, and stomach. 15 Because metastatic adenocarcinomas from different locations may have a similar microscopic appearance, identification of the primary site is difficult. A number of immunohistochemical markers were identified to assist the histologic diagnosis such as cytokeratin 7, cytokeratin 20, thyroid transcription factor 1, CDX2, prostate-specific antigen, and mesothelin. 3, 4, 15 However, a highly specific marker for GI adenocarcinoma is still lacking.
Cadherin-17 is an adhesion protein that is normally expressed only in intestinal epithelium. This highly specific localization makes cadherin-17 a potential tool for immunohistochemical diagnosis. Our results show that cadherin-17 expression is very common in colorectal adenocarcinomas and is also expressed in more than half of gastric and pancreatic adenocarcinomas, and in a small number of cholangiocarcinomas. Its expression is not limited to tumors with intestinal metaplasia. Furthermore, expression of cadherin-17 is very uncommon in carcinomas outside the GI tract. These observations make cadherin-17 a useful marker for histologic diagnosis of adenocarcinoma of unknown primary site.
To further differentiate tumors from the colorectal region from those derived from the upper GI tract, two approaches were used. Expression of cadherin-17 in colorectal adenocarcinoma was usually diffuse and strong whereas expression in adenocarcinomas of the upper GI tract was usually focal or scattered. The other approach we used was immunostaining of cytokeratin 7. Immunoreactivity of cytokeratin 7 was seen in adenocarcinomas from most body sites, which limits its clinical application. However, using cadherin-17/cytokeratin 7 two-marker profiles 6 were colorectal adenocarcinomas, and 1 was a prostatic adenocarcinoma. Hence, the cadherin-17/cytokeratin 7 profile can differentiate adenocarcinoma of upper and lower GI tract with high specificity. In our tissue array, cadherin-17 was expressed in more than 95% of colorectal adenocarcinomas. One of the two cases immunonegative for cadherin-17 fulfilled the criteria of large cell minimally differentiated carcinomas of the colon, 16 a tumor characterized by loss of glandular differentiation and microsatellite instability. The other was an adenosquamous carcinoma. Cadherin-17 was only expressed in slightly over half of gastric and pancreatic adenocarcinomas and 27% of cholangiocarcinomas. These results indicate a cadherin-17(-) adenocarcinoma is very unlikely to be a colorectal adenocarcinoma, but the possibility of it arising from stomach, pancreas, and biliary tract cannot be completely ruled out.
The tissue samples used in our tissue array were obtained from the primary sites of the tumor. Whether cadherin-17 retained its utility in metastatic tumors remains to be clarified. In gastric cancer, cadherin-17 expression was significantly more frequent in advanced-stage cases, 11 but in pancreatic and colorectal cancer, cadherin-17 was more frequent in well-differentiated tumors 10, 13 without lymph node metastasis. Further testing using biopsy specimens from additional metastatic cancers would be worthwhile.
